ABSTRACT Electrical stimulation of the distal stump of the transected cervical sympathetic trunk produces a frequency-dependent activation of glucose utilization, measured by the deoxy['4C]glucose method, in the superior cervical ganglion of the urethane-anesthetized rat. The frequency dependence falls between 0-15 Hz; at 20 Hz the activation of glucose utilization is no greater than at 15 Hz. Deafferentation of the superior cervical ganglion by transection of the cervical sympathetic trunk does not diminish the rate of glucose utilization in the ganglion in the urethane-anesthetized rat. These results indicate that the rate of energy metabolism in an innervated neural structure is, at least in part, regulated by the impulse frequency of the electrical input to the structure, and this regulation may be an essential component of the mechanism of the coupling of metabolic activity to functional activity in the nervous system. The autoradiographic deoxyglucose method was designed to measure the rates of glucose utilization simultaneously in all of the anatomical and functional components of the nervous system in conscious animals (1). Its use has demonstrated a close relationship between local functional activity and glucose utilization in nervous tissue (2), and it has been extensively applied to identify structures in the nervous system with altered functional activity in experimentally induced physiological, pharmacological, and pathophysiological states (2-4). Its use as a tool to map functional neural pathways is based on the principle of an evoked metabolic response. Conditions that increase the functional activitv of a neural structure lead to an enhancement of its rate of glucose utilization; decreased functional activity depresses this rate. An essential feature of the deoxyglucose method is its use of quantitative autoradiography to localize the rates of glucose utilization to specific structures in the nervous system (1). The metabolic effects of altered functional activity are often so pronounced that the direction and location of the changes in metabolic rate can be directly visualized in the autoradiographs (2-4).
The autoradiographic deoxyglucose method was designed to measure the rates of glucose utilization simultaneously in all of the anatomical and functional components of the nervous system in conscious animals (1) . Its use has demonstrated a close relationship between local functional activity and glucose utilization in nervous tissue (2) , and it has been extensively applied to identify structures in the nervous system with altered functional activity in experimentally induced physiological, pharmacological, and pathophysiological states (2) (3) (4) . Its use as a tool to map functional neural pathways is based on the principle of an evoked metabolic response. Conditions that increase the functional activitv of a neural structure lead to an enhancement of its rate of glucose utilization; decreased functional activity depresses this rate. An essential feature of the deoxyglucose method is its use of quantitative autoradiography to localize the rates of glucose utilization to specific structures in the nervous system (1) . The metabolic effects of altered functional activity are often so pronounced that the direction and location of the changes in metabolic rate can be directly visualized in the autoradiographs (2) (3) (4) .
Studies in sensory systems, particularly the visual system, have demonstrated a quantitative relationship between the functional activity and the rate of glucose utilization in the neural tissues. In the rat the rate of glucose utilization in the regions of the brain to which the retina projects is linearly related to the frequency of retinal stimulation by light flashes (5). In the dark-adapted rat the rates of glucose utilization in the superficial layer of the superior colliculus and the lateral geniculate nucleus are directly proportional to the logarithm of the intensity of retinal illumination by randomly spaced flashes of light, at least to the point of saturation (3, 6) . These results raise the question of the mechanism of the coupling between functional and metabolic activities. Presumablv the metabolic activation in the structures of the brain is elicited, or at least initiated, by electrical signals transmitted from the stimulated retina to its projection areas.
The present studies were carried out to examine the influence of electrical activity in an afferent pathway on the rate of glucose utilization of the neural structure innervated bv it. Specifically, the influence of spike frequency was examined. The experiments were carried out on the superior cervical ganglion of the urethane-anesthetized rat because of the ease with which the afferent nerves to this structure can be identified, isolated, and electrically stimulated and the physiological activation of the ganglion monitored in the target organs innervated by its tTo whom reprint requests should be addressed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (10) . Urethane anesthesia stimulates this rate, but the stimulation is prevented by prior adrenalectomy (10) or becomes attenuated with continued anesthesia (unpublished data). In the present studies the mean (± SEM) rate of glucose utilization in the superior cervical ganglia innervated by intact cervical sympathetic trunks was 38 2 ,umol/100 g per min in the animals studied ll/2 hr after the onset of urethane anesthesia (Table 1) , considerably above the level reported in normal conscious rats (10) , but it fell to a mean (±SEM) of 25 ± 1 /imol/100 g per min in the animals studied [3] [4] hr after the onset of the anesthesia. In both series there Parentheses indicate that the cervical sympathetic trunk was intact but unstimulated on the control side; on-the experimental side the cervical sympathetic trunk was transected but also unstimulated. In all other experiments the cervical sympathetic trunks were transected bilaterally and electrically stimulated on the experimental side at the indicated frequency; the control side was left unstimulated. P values were determined by a paired t test. * Values are shown as mean ± SEM. tP < 0.05. tP < 0.02.
were no significant differences between the rates of glucose utilization in the ganglia with intact or with transected but unstimulated cervical sympathetic trunks (Table 1) . Therefore, acute deafferentation per se does not appear to alter the rate of glucose utilization in the superior cervical ganglion of the urethane-anesthetized rat.
Effects of Orthodromic Stimulation on Glucose Utilization of Superior Cervical Ganglion. The effects of electrical stimulation on glucose utilization of the superior cervical ganglion were examined in rats with bilateral deafferentation under urethane anesthesia for approximately 11/2 or 3-4 hr. The distal stump of one transected cervical sympathetic trunk was stimulated, and the efficacy of the stimulation was confirmed by mydriasis, exophthalmos, and widening of the palpebral fissure of the ipsilateral eye. The deafferented and unstimulated superior cervical ganglion of the other side served as the control. In both groups of animals there was a frequency-dependent stimulation of glucose utilization in the stimulated superior cervical ganglion above that of the control side in the frequency range of 0-15 Hz (Table 1) . At a frequency of 20 Hz, there was no further augmentation of glucose utilization above that at 15 Hz (Table 1 ). The stimulated glucose utilization was heterogeneously distributed throughout the ganglia; therefore, the data in Table 1 Table 1 ). The regions of entrance or exit of the cervical sympathetic trunk, internal carotid nerve, and external carotid nerve in the ganglion are indicated by CST, ICN, and ECN, respectively, placed next to the autoradiographic image of the control ganglion. The image-processing and color-coding of the autoradiographs were carried out as described by Goochee et (7) tude of the preganglionic compound action potential (11) (12) (13) . (18) , although higher firing rates can be seen for short intervals during asphyxia or hemorrhage (19, 20 
